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Pneumocephalus can be caused by neurosurgical procedures, endoscopic sinus surgery, craniofacial
trauma, tumors of the skull base, frontal sinus cranialization, and can rarely occur spontaneously. The
treatment options are conservative treatment, craniotomy, osteoplastic ﬂap surgery of the frontal sinus,
and endoscopic endonasal surgery. We herein present the case of a 61-year-old man with a frontal sinus
bony defect with pneumocephalus caused by craniotomy who presented atypically with left facial
cellulitis, followed by meningitis and seizures. This bony defect was successfully repaired with endo-
scopic modiﬁed Lothrop procedure (EMLP). At 18 months' follow-up after the surgery, neither obvious
postoperative complications nor signs of pneumocephalus were noted. EMLP offered a less invasive,
safer, and effective way to repair the frontal bony defect in our elderly patient.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
The deﬁnition of pneumocephalus is the presence of intracranial
air caused by a communication between the atmosphere and
intracranial area1. It can be caused by neurosurgical procedures,
craniofacial trauma, endoscopic sinus surgery, tumors of the skull
base, frontal sinus cranialization, and sometimes can occur spon-
taneously2,3. Clinical presentation of pneumocephalus includes
headache, nausea, vomiting, dizziness, seizure, recurrent menin-
gitis, and conscious change2. Rarely, eye pain and diplopia caused
by third cranial nerve palsy were also reported1. Conservative
treatment for pneumocephalus includes bed rest, oxygen supply,
prophylaxis antibiotic treatment, avoidance of positive pressure,
and pain control2. Surgical management includes repairing bony
defect by endoscopic endonasal surgery, osteoplastic ﬂap surgery of
the frontal sinus through bicoronal incision, and craniotomy. The
choice of treatment depends on the clinical condition and the age of
the patient. For elderly patients, minimal invasive procedure is there that they have no conﬂicts
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tric Emergency & Critical Care Meﬁrst choice. We herein present the case of a 61-year-old male pa-
tient with a frontal sinus bony defect with pneumocephalus caused
by craniotomy. The bony defect was repaired by endoscopic
modiﬁed Lothrop procedure (EMLP).2. Case report
This 61-year-old man suffered from rupture of the anterior
communicating aneurysm in 2006. He received craniotomy once
and embolization of ruptured aneurysm twice in another hospital.
However, he suffered from recurrent cellulitis over the left frontal
and temporal area followed bymeningitis three times after surgery.
He denied diplopia, blurred vision, clear rhinorrhea, nor salty taste
sensation. Computed tomography (CT) scan revealed left frontal
pneumocephalus and focal bony defect (8 mm  12 mm) of the
superolateral wall of the left frontal sinus (Fig. 1). Then, he was
referred to our hospital. The treatment options for repairing a
frontal bony defect are traditional craniotomy and endoscopic
surgery by EMLP using a navigation system. We discussed the
treatment options with the patient, and he chose to receive endo-
scopic surgery. The left frontal bony defect was repaired by the
EMLP under the navigation system. During operation, 30 sinus-
copewas used to obtain an adequate view. Besides, theMicroFrance
Frontal Sinus Surgery Instrument Set was used. This instrument set
contains special frontal sinus instruments that are malleable fordicine. Published by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. Computed tomography reveals a focal bony defect (8 mm  12 mm) of the superolateral wall of the left frontal sinus with pneumocephalus.
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defect was identiﬁed and mucosa around the defect was removed.
No cerebrospinal ﬂuid (CSF) leakage was noted from the defect
during the operation. The bony defect was covered by fascia lata
onlay grafting. After discharge, the patient kept regular follow-up at
our department. No further meningitis nor facial cellulitis was
observed. Normal sinus mucosal healing was observed by sinus-
copic examination at our outpatient department follow-up (Fig. 2)
and the CT scan revealed no pneumoencephalous at 3months and 1
year after the surgery (Fig. 3).
3. Discussion
Themost common symptoms of pneumocephalus are headache,
dizziness, seizure, nausea, vomiting, meningitis, and conscious
change. The most common presentation was headache4. In our
case, we experienced an unusual presentation of pneumo-
cephalusdfacial cellulitis over the left frontal and temporal area
followed by meningitis. Facial cellulitis was a rare symptom in
pneumocephalus patients and has not been reported previously.
The possible mechanism of facial cellulitis caused by pneumo-
cephalusmay be the direct invasion of the infection source from the
frontal sinus via its bony defect to the loose connective tissue of
scalp. Furthermore, the infectionmay invade aponeurosis and other
connective tissues, ﬁnally causing facial cellulitis.
The treatment options for pneumocephalus are conservative
treatment and surgical treatment. According to a retrospectiveFig. 2. (A) A frontal bony defect was discovered during surgery. The defect is covered by fasc
after the surgery, the bony defect has repaired well and no obvious defect is noted by sinureview by DelGaudio and Ingley4, small bony defect (< 3 mm)
without pneumocephalus could be treated by conservative treat-
ment. However, in the presence of concomitant pneumocephalus,
patients may have an increased risk of meningitis. In those patients,
the overall incidence of meningitis as a complication of skull base
defect and CSF leak ranges from 9% to 50% with a reported cumu-
lative risk of 85% at 10 years if no repair is performed4. Further
surgical intervention to repair the bony defect is needed even if the
condition of pneumocephalus improved after conservative treat-
ment. If the defect is>3mm, surgical intervention to repair the bony
defect is needed because conservative treatment has a poor
outcome4. Surgical management of pneumocephalus has tradi-
tionally been performed through a craniotomy. The air is usually
extradural and repair focuses on ﬁnding and obliterating the intra-
nasaleintracranial connection5. After blocking the communication
between the atmosphere and intracranial area, the air is usually
absorbed by surrounding tissue. However, craniotomy caused more
complication and prolonged hospitalization especially in elderly
patients.Minimal invasion ismore important in elderly patients due
to poorer cardiopulmonary function and recovery capability. There
are several other ways to repair frontal bony defect including oste-
oplastic ﬂap surgery of the frontal sinus, endoscopic sinus surgery,
and EMLP. Traditional craniotomy and osteoplastic ﬂap cause fore-
head operative wound and some complications such as superﬁcial
discharging wound, forehead swelling, and hematoma6.
Repairing frontal bony defect via endoscopic sinus surgery is the
other choice. However, in this case, the bony defect was located inia lata graft, and the frontal sinus is partially obliterated by fat tissue. (B) Seven months
scope.
Fig. 3. Computed tomography scan 12 months after the surgery reveals no pneumoencephalous.
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repair the frontal bony defect by conventional endoscopic sinus
surgery alone. Because more working space and better operation
view are needed, we chose EMLP to repair this defect. Pneumo-
cephalus resolved after the operation and no sign of recurrence was
noted after the operation. A review of the literature indicated that
there are not many studies on repairing frontal bony defect by
EMLP in a pneumocephalus patient. Compared with craniotomy
and osteoplastic ﬂap, EMLP is a less invasive and relatively safe
method to approach frontal sinus lesion7,8. Besides, EMLP also
provides wider operation ﬁeld and working space than traditional
endoscopic sinus surgery. It was suitable for elderly patients
because it resulted in decreased blood loss, shorter hospitalization
time, better cosmetic appearance, and preservation of frontal sinus
function8. However, in patients with narrow anterioreposterior
distance of the frontal ostium (< 1 cm), EMLP caused an increased
risk of CSF leakage and postoperative stenosis8. The ante-
rioreposterior distance of the frontal ostium in our patient was
1.3 cm and it was appropriate for EMLP.
In our case, the whole operation course was smooth and no
obvious postoperative morbidity was noted. Pneumocephalus dis-
appeared after surgery and the patient denied any discomfort in 18
months' follow-up. In conclusion, we reported on the case of anelderly patient with pneumocephalus with very unusual presen-
tationwhowas treated by EMLP. The EMLP provided a less invasive,
safer, and effective way to repair frontal bony defect in the elderly
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